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S. No Krylova, 

The r e s u l t s  of polar izat ion meaaurements of aodiacal l i g h t ,  
conducted in 1955, are expopnded.Determinations were made of the  abso- 

l u t e  br ightness  of todiacal l i g h t  in blue and green rays in polariwtd 
as w e l l  a8 in na tu ra l  l i g h t .  The course of br ightness  d i s t r i b u t i o n  of 
zodiacal l i g h t  along the  ecl ipt ic  and perpendicularly t o  it was appro- 
ximated by an ana ly t i ca l  expression. It was found t h a t  the color  of"the 

sodiacal  U g h t  ie near t h a t  of the Sun. The degree of p o l a r i t a t i o n  at - 

variotls po in ts  of the tod iaca l  l i g h t  cone in the  
and 30" sg e G 65". has been determined. 

* 
* * 

Measurements of t h e  i n t ens i ty  and of the degree of polar iza t ion  

of the aodiacal l i g h t  were conducted a t  the ttKamenskoye Pla to  Observatory" 

(A=  43,2ON, '9 = 76,9OE, H = 1450 m. above the s e a  l e v e l )  in September- 
October 1955. Polar izat ion measurements were conducted by the three  pola- 
r o i d  pos i t ion  method [l] w i t h  the he lp  of an electrophotometer [2]. 

Two glass f i l t e r s  were u t i l i zed ,  a blue one (SZS-I2 glass) and a green 

one (ZHS-glass) with e f fec t ive  paes-band wavelength6 respec t ive ly  equal 

t o  470 and 520 millimicrons. The e f f ec t ive  wavelengths were computed 
for the solar spectrum by the  formula 

*Polyarizateionnyye imeren iya  eodiakal'nogo sveta.  
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where s@), P ( h ) ,  P ( h ) ,  G@) 
the  s o l a r  spectrum, the r e l a t i v e  s p e c t r a l  s e n s i t i v i t y  of the  photomalti- 

p l i e r  FEU-19, the f i l ter  and g las s  transmission. 

t i v i t y  of the photomultiplier and the transmission of the g lass  op t ics ,  
a r e  represented i n  F ig . l .  
almucantars s = 40, 50, 60, 7 0 ,  80' a t  every loo by azimuth. The e c l i p t i c  
and ga lac t i c  coordinates of the observed poin ts  of the sky were computed 
graphically,  thus ensuring a precision t o  lo. The observed sky brightnee- 

sea w e r e  expressed i n  stellar u n i t s  of the 10 mg class G2 from sq.deg. 
by way of tying t o  stars of well  known brightness and s p e c t r a l  class.  

The br ightness  of zodiacal l i g h t  I, wa6 determined by the formula [3] 
--Bet t 

a r e  respect ively the energy d i s t r ibu t ion  h 

The curves of f i l t e r  transmission taking i n t o  account the sensi-  

The abservations were conducted along the  

$ = [ Io -A (e)  - L ( b )  psec2 - R ( b , ~ , p ) ]  (p  + 0.02) . 
Here Io i s  the  observed sky brightness;  A ( e )  is the atmosphere 

comment  of the  night  sky glow, assumed t o  be independent from the  mi- 
muth (we took fo r  A (e) the atmosphere component, measured on the  given 

almucantar, but remote from t h e  cone of zodiacal l i g h t ) ;  L(b) 
s t e l l a r  component, determined according t o  Tables, compiled from the  

r e s u l t s  of the work E43 i n  the assumption, t h a t  the s t e l l a r  component 
in the ga l ac t i c  pole is equal t o  28 stras lomgfrom a sq.degree. The 

br ightness  B (b, 8 ,  p), conditioned by s c a t t e r i n g  of star l i g h t  in the  
troposphere, w a s  determined according t o  data from [3]. It m u s t  be noted 
t h a t  the correct ion f o r  t h e  direct and sca t t e red  star l i g h t  w e r e  not 
great, inasmuch as only those points  were u t i l i eed ,  whose galactic l a t i t u -  
de does not exceed 20°. 

is the  

The transparency f a c t o r  of the  
terrestrial  atmosphere p, was measured 

f o r  each observed point of the sky, The 

i n t e n s i t y  of the polarized rad ia t ion  Ip 
may be found from the formula Lp= PI, 
where I is the  i n t e n s i t y  of the  eodiacal 
l i g h t  in the t o t a l  l i g h t  (polar ized + non= 
polar ized radiat ion) .  
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According t o  the values of I and Ip found for each point of 
the sky, these Xetenisity were derived by praphic in te rpola t ion  for some 
chosen points  at  each 50 alcng the e c l i p t i c a l  longitude and la t i tude .  
Such method permitted t o  obtain the values of Ipand  I for every day 

a t  the  very same poin ts  of the  c e l e s t i a l  sphere and to  average the values 
, f o r  a l l  the days of observations, 

We compiled i n  Table 1 the averaged br ightnesses  of the  eodia- 

c a l  l ipJt  along the e c l i p t i c ,  expressed in the number of stars of the  

10 mg c l a s s  Ct2. 

ca l  l i g h t  i n  the i n t e g r a l  and i n  polarized l i g h t  of two  f i l t e r s  u t i l i z e d  
(Figs.2 and 3 i n  i n t e g r a l  l i p h t  f o r  the blue and green f i l t e r s ,  Figs .4  
and 5 i n  polarized l i g h t ,  respectively for t h e  blue and green f i l t e r s ) .  

and in Figs, 2- 5 ,  we p lo t t ed  the isophots of the  eodia- 
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It may be seen t h a t  i n  the i n t e g r a l  l i g h t  (Figs 2, 3) the isophote 
widen i n  the northern part of the sky, t o  which a t t en t ion  was drawn more 

then once C5, 63. However, t h i s  widening is absent i n  polarized 9adiation. 
As may be seen from Figs 4 and 5, i n  polarized l i g h t  the isophots run in 
the northern p a r t  o f t h e s k y  at a s m a l l  angle t o  the e c l i p t i c .  It is clear-  
ly seen, t h a t  along a c i r c l e ,  f o r  example b - h = 4 0 " ,  the  isophot in- 
c l ina t ion  t o  the e c l i p t i c  decreases w i t h  the distance from it. 
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In  the i n t e g r a l  l i g h t  (Figs. 2, 3 )  
i nc l ina t ion  of the isophots increases with the distance from the ec l ip-  

t i c ,  which in fact  represents  indeed the isophot widening. Therefore, 

the r e s u l t  obtained shows t h a t  the widening of isophots in the  northern 
p a r t  of the sky I s  conditioned by nonpolarized rad ia t ion  or, at the very 

l ea s t ,  by rad ia t ion  with a very low degree of polar izat ion.  

the p ic ture  is opposite. Here the 

The isophots were found t o  be nonsymmetric in the integral, aa 
well  as i n  polarized l i g h t ,  r e l a t i v e  t o  the ec l ip t i c .  The maximum bright- 

neBses of zodiacal l i g h t  a t  s m a l l  e longations w e r e  noticeably displaced 
t o  the south of the ec l ip t i c .  AB the elongation increases,  the  summits 
of the isophots approach the e c l i p t i c ,  so t ha t  the axis of the zodiacal 

l i g h t  r e s u l t s  t o  be inclinecl to the ec l ip t i c .  
The absolute brightnesses of the zodiacal l i g h t  along the  ecl ip-  

t i c  (Table 1 )  are found t o  be somewhat lower than the values obtained 

in C7, 8J, but r a the r  near the values brought out  in [9, 103. 
The course of brightness along the e c l i p t i c  is usual ly  represent- 

ed by the dependence I - E ~ .  The values of k, determined by the  method 
of the least  squares, resul ted for the  elongation i n t e r v a l  35" < 8 g 65" 
&s fol lows:  i n t e g r a l  l i g h t ,  blue f i l t e r  - k r  2.7, green f i l t e r  - 
k=P 2.5, polarized l i g h t ,  blue f i l t e r  - k = 2.2, green f i l t e r  - k= 2.1. 
Ae in [7], the values of k were found t o  be somewhat greater for the  

blue than f o r  the green rays. The course of br ightness  perpendicularly 

t o  the e c l i p t i c  is  su f f i c i en t ly  w e l l  approximated by the exponential  

function I = loexp [--ki(F  PO)^]. , as 3.6 shown in C7J. Presented below 
are the values of kl f o r  elongation in t e rva l  35- 6 5 O .  
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Presented 5x1 the above Table 2 are the value8 of the quant i ty  

for the zodiacal l i g h t  in the ecl ipt ic  and 2o log (I green' 'blue 
in the band - l O o < f i ~ i O o  along i t ,  character ie ing the color of the 
zodiacal l i g h t  r e l a t i v e  t o  tha t  of the Sun. 

tod iaca l  l i g h t  on the elongation of the Sun, which agrees w e l l  with the 
r e s u l t s  of the work8 c7, 9 ,  111. As pointed out i n  c7, 93, the de t emi -  
nat ion of the color  of zodiacal l i g h t  

The data obtained do not reveal  any dependence of the color  of 

per ta ins  t o  the most d i f f i c u l t  
p a r t  of photometric invest igat ions of zodiacal l i g h t ,  and mainly because 

of the d i f f i c u l t i e s  in accoutning s t r i c t l y  f o r  the s p e c t r a l  transparency 

of the t e r r e s t r i a l  atmosphere. That is why the most r e l i a b l e  r e s u l t s  are 

obtained at averaging the observations of numerout3 nights,  If we a c t u a l l y  
take the average of all observation n ights  by a l l  paints of the c o d i a c d  

l i g h t  cone in the bands 
following values of the quantity 2.5 log ( Igreen/Iblue) : for the i n t e g r a l  
l i g h t  - 0,142 0.03, for the polarized l i g h t  - 
Sun these values are zero). 

-10" d B G 10" and 35" < p < 60°, we obtain the 

0.09 2 0.04. (For the  

The las t  r eeu l t s ,  as well as the data of Table 2, show t h a t  the 
color of the z o d i a c a l l i g h t  in polarized and i n t e g r a l  l i g h t  is prac t ica l -  

l y  ident ica l ,  This may serve as an ind ica t ion  t h a t  the  same p a r t i c l e s  
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35 I 
- I  

0,16 
0.18 
0,17 
0.14 
0,14 
0.13 
0.14 
0,12 

- 
0,17 
0,17 
0.17 
0,15 
0,12 
0 , l l  
0,m 
0 , l O  

6 .  

- 
0.24 
0.21 
0.21 
0,21 
0,20 
0.18 
0,15 
0,19 

are responsible for both, the polar izat ion of zodiacal l i g h t  and the non- 
polarized radiat ion.  The values of the root-mean-square e r ro r8  obtained 

at the determination of the quantity 2.5 ( Igreen/ Ibpue), character ize  
only the  analogy of the r e su l t .  The e r ro r ,  determined by an inaccurate 
accounting of the influence of t e r r e s t r i a l  atmoephere transparency, is 
apparently s i g n i f i c a n t l y  greater  than tha t  root-mean-square error. In  
connection with tha t ,  the r e s u l t  obtained must be viewed only in the 
sense, t h a t  the color  of z o d i a c a l  l i g h t  is near tha t  of the Sun, whioh 

is in agreement with the r e s u l t s  of other  author6 [?I. 

0.22 
0,28 
0.23 
0.22 
0.23 
0,22 

0.19 

0.21 
0,21 
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0,27 
0,22 
0,23 
0,23 
0,22 
0.22 
0.16 
0,12 
0 3  

-1 5 
-10 
- 5  

0 
5 

10 
15 
20 
25 

0,25 
0,23 
0,22 
0,22 
0.23 
0.23 
0.22 
0,17 
0,17 

-15 
-10 
- 5  

0 
5 

I O  
15 
20 
25 

30 

c - - 
0.14 
0,12 
0.12 
0.12 
0,13 
0.1'4 

- - - 
O,i6 
0,13 
0.m 
0.08 
0,07 
0,08 

40 

- 
0,20 
0,18 
0,17 
0,16 
0.18 
0,14 
0,lO 
0,io - 
- 

0,17 
0.18 
0,21 
0.2t 
0,17 
0, ;4 
0 , l l  
0,m 

- 
0.25 
0.20 
0,20 
0.19 
0.28 
0,17 
0.13 
0.11 

- 
0.22 
0,21 
0,22 
0,21 
0,17 
0.16 
0,11 
0.10 

I 

0.27 
0.26 
0.26 
0,25 
0,23 - - - 
0.31 
0,22 
0.27 
0.23 
0,29 
0,24 
0 3  
0,16 - 

0.32 
0.30 
0.32 - 
- 
- - 

0.29 
0.27 
0.30 
0 3  
0.21 
0.29 
0,25 
0,17 - 

Presented i n  Table 3 are the averaged values of the  degree af 
polar iza t ion  of the tod iaca l  l i g h t  respec t ive ly  i n  blue and green rays. 

i Ae may be seen, thereyno systematic difference between the degree of pa- 
l a r i z a t i o n  i n  blue and green rays. The degree of po lar iza t ion  along the 

e c l i p t i c  increases  from elongation of 30 t o  60°, which is i n  contradict-  

ion with the  r e s u l t  qf the  works [10,121, but agrees w e l l  with the  
r e s u l t s  of the work8 C9,lf;-  1.53. The obtained values of the degree of 
polar iza t ion  a t  the elongation of 60" are close t o  the da ta  of [9,11, 141, 
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bu t  lower than the values brought ou t  in Cl3, 153. The discrepancy iP 
the  values of the  degree of polar iza t ion  and of its C O U T B ~  in the  eclip- 
tic, resulting from works of various authors,  make d i f f i c u l t  t he  choice 
of the  model of dust  cloud conditioning the  zodiacal l i g h t  phenomenon. 

The Odessa Polytechnical 
I n s t i t u t e  

Manuscript received 
on 16 December 1963. 
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